 Coumarin (2H-benzopyran-2-one) derivatives with amino, phenyl, 4-methoxyphenyl and styryl groups at the 7-position, were synthesized and used in the derivatization of glycine and β-alanine.
N-(tert-Butyloxycarbonyl)-β-alanine (2-oxo-2H-benzopyran-4-yl)methyl ester

N-(tert-Butyloxycarbonyl)-β-alanine (7-amino-2-oxo-2H-benzopyran-4-yl)methyl ester 5b.
Starting from compound 1b (0. 
N-(tert-Butyloxycarbonyl)-β-alanine (7-phenyl-2-oxo-2H-benzopyran-4-yl)methyl ester 5c.
Starting from compound 1c (0.031 g, 1.2 × 10 -4 mol) in dry DMF (2 mL), potassium fluoride (0.021 g, 3.6 × 10 -3 mol) and N-(tert-butoxycarbonyl)-β-alanine 3 (0.023 g, 1.2 × 10 -5 mol), the ester conjugate 5c was obtained as a beige solid (0.028 g, 55%). Mp = 152.3-153.1 ºC. R f = 0.61
(dichloromethane / methanol 100:1).
H-5, H-6 and H-8), 7 .63 (dt, J 7.2 and 1.2 Hz, 2 H, H-2' and H-6') ppm. 
N-(tert-Butyloxycarbonyl)-β-alanine (7-styryl-2-oxo-2H-benzopyran-4-yl)methyl ester 5e.
Starting from compound 1e (0.031 g, 1. 
General photolysis procedure
A 110 -4 M methanol/HEPES (80:20) solution of compounds 4-7 (mL) were placed in a quartz tube and irradiated in a Rayonet RPR-100 reactor at the desired wavelength. The lamps used for irradiation were of 254, 300, 350 and 419 ± 10 nm. The HEPES buffer solution was prepared using distilled water with HEPES (10 mM), sodium chloride (120 mM), potassium chloride (3 mM), calcium chloride (1 mM) and magnesium chloride (1 mM). The pH was adjusted to 7.2 by addition of an aqueous solution on sodium hydroxide 6M.
Aliquots of 100 µL were taken at regular intervals and analysed by RP-HPLC. The eluent was acetonitrile / water (3:1) for all the compounds, excepting compounds 4b and 5b (acetonitrile / water (1:1) with 0.1% TFA), 6e and 7e (acetonitrile/water (1:1)), at a flow rate of 0.8 mL/min (4b, 4e, 5a, 5d, 5e, 6b, 7b), 0.6 mL/min for (4c, 4d, 5b, 5c) and 0.4 mL/min (4a), previously filtered through a Millipore, type HN 0.45 µm filter and degassed by ultra-sound for 30 min. The chromatograms were traced by detecting UV absorption at the wavelength of maximum absorption for each compound (retention time: 4a, 6.3; 5a, 4.2; 4b, 6.4; 5b, 9.3; 4c, 6.3; 5c, 8.8; 4d, 10.6; 5d, 7.0; 4e, 7.0; 5e, 11.5; 6b: 13.4; 7b: 4.8 min). in the presence of potassium fluoride in DMF at room temperature, yielding cages 4a-e and 5a-e, respectively, in 16 to 70% yields. Therefore, in compounds 4b, 4e, 5b and 5e the N-tertbutyloxycarbonyl protecting group was removed by acidolysis with trifluoroacetic acid in dichloromethane giving conjugates 6b, 6e, 7b and 7e bearing the amino acid and the photosensitive tag (Scheme 1).
Results and Discussion
Synthesis of amino acid conjugates 4-7
All compounds were fully characterized by IR, 1 H and 13 C NMR spectroscopies. 1 H NMR spectra of conjugates 4-7 showed the amino acid residues, such as the α-CH 2 (δ 3.15-4.08 ppm for glycine and δ 2.58-2.93 ppm for β-alanine), and -CH 2 (δ 3.11-3.47 ppm), in addition to the heterocycle methylene group visible for all conjugates (δ 4.76-5.59 ppm). The newly formed ester linkages were established by their 13 C NMR spectra signals of the carbonyl group, at about δ 168.27-171.65 ppm.
The confirmation of the cleavage of the N-tert-butyloxycarbonyl-protecting group at the amino acids was also supported by 13 C NMR, with the disappearance of spectra signals of the corresponding carbonyl group in 6b, 6e, 7b and 7e, which occurred at δ 155.61 or 155.94 ppm in conjugates 4b, 4e, 5b and 5e. The IR spectra of compounds 4-7 displayed stretching vibration bands of the ester carbonyl groups from 1712 to 1758 cm -1 .
<Scheme 1>
Evaluation of the photophysical properties of amino acid conjugates 4-7
With the aim of finding the parameters required for monitoring the photolytic process, as well as to absorption (λ abs ) and emission maxima (λ em ), molar extinction coefficients (as log ε) and relative fluorescence quantum yields ( F ) are reported in Table 1 . Relative fluorescence quantum yields were calculated using 9,10-diphenylanthracene in ethanol ( F 0.95) [44] , with the fluorescence standard excited at the maximum absorption wavelength for each compound.
Concerning the absorption data of conjugates 4-7, variation of the solvent in general did not significantly affect the wavelength of maxima absorption; however, as it was expected, the increase of the π system extension resulted in a bathochromic shift (λ abs 4a < 4c < 4d < 4e and 5a < 5c < 5d < 5e). Despite the higher conjugation of systems possessing aromatic substituents at the coumarin skeleton (compounds 4c-e and 5c-e), comparatively to the amino group (compounds 4b and 5b) the To further characterise these compounds the b compounds were selected and from the timeresolved datasets (decays every 5 nm, spanning 375 nm to 575 nm) decay associated spectra determined. This involves a global analysis of the time-resolved decays, linking common decay times for all decays, and then plotting the pre-exponential factor for a decay time (weighted by that decay time) against wavelength. This helps elucidate both the energy (wavelength) and kinetic of the excited states, hence species, present. The results from this form of analysis are presented in Figure 3 . The lifetimes obtained are similar to those from the single curves analysis, however the presence of a sub-nanosecond contribution is now elucidated. Since these spectra are weighted by the decay time they are representative of the contribution to the steady state emission. For 1b the emission is dominated by the spectra associated with the longer-lived emission. For 4b, 5b and 7b
however the major contribution is that between ~1.3 ns to 2.3 ns, although similar in spectral appearance. This would indicate that in the latter compounds the decay time has been reduced because of the presence of non-radiative decay pathways. For compound 6b the emission is dominated by the longer-lived emission, which because of the decay properties of 1b would be tempting to attribute to the photocleaved coumarin moiety. Because of the spectral separation it is clear that overall at least three different species are present in the conjugated compounds. It would be expected that conjugated, ion pair and photocleaved coumarin moiety would be present, with the longer-lived decay associated with the photocleaved species and the shortest decay probably associated with the conjugated form.
In addition to the HPLC/UV monitoring of the photolytic release of glycine and -alanine, as the expected products of the photolysis, was also followed by 1 solution. This methodology was particularly important for conjugates 6b and 7b, due to difficulties in the monitoring by HPLC-UV. NMR monitoring was carried out with 2.50 × 10 -2 M solutions, which led to an expected increase in the photolysis time for the complete release of the molecule, when compared to the irradiation times in Table 2 obtained with dilute solutions.
As representative examples, upon irradiation at 350 nm of solutions of N-(tert-butyloxycarbonyl)
conjugates of glycine 4b and -alanine 5b and of glycine 6b and β-alanine 7b conjugates, a decrease in the intensity of the signals was observed and this was related to the amino acid in the conjugates form namely the α-CH 2 (δ ≈ 4.00-4.10 ppm, 4b and 6b; δ ≈ 3.30-3.40 ppm, 5b and 7b) and β-CH 2 (δ ≈ 2.70-3.00 ppm, 5b and 7b), as well as the singlet for the benzylic-type CH 2 
Synthesis of 7-amino-4-(chloromethyl)-2H-benzopyran-2-one
Synthesis of ethyl (4-(chloromethyl)-2-oxo-2H-benzopyran-7-yl)-carbamate. Ethyl (3-
hydroxyphenyl)carbamate (0.335 g, 1.85 × 10 -4 mol) and ethyl 4-chloro-3-oxobutanoate (1.07 mL, 1.0 × 10 -2 mol) were dissolved in 70% ethanolic sulfuric acid (5 mL). The reaction mixture was followed by TLC (ethyl acetate/light petroleum 1:1) and stirred at room temperature for 3 days.
When the reaction was completed, the mixture was poured into water and extracted with ethyl acetate. The organic phase was dried with anhydrous magnesium sulphate and evaporated, obtaining a mixture of an orange oil and beige solid which was washed with ethyl acetate. The solid was filtrated resulting compound 3 as a beige solid (0.258 g, 50% water (5:1) (11 mL) was stirred at room temperature. The reactional mixture was kept under these conditions during 5 days and followed by TLC (dichloromethane). The mixture was diluted in ethyl acetate, filtrated in a layer of celite over silica gel and the filtrate was evaporated. After purification by column chromatography using dichloromethane as eluent, the required compound was obtained as a white solid (0.073 g, 50%). Mp = 111.6-113.1 ºC. R f = 0.6 (dichloromethane).
Synthesis of 4-(chloromethyl)-7-phenyl-2H-benzopyran-2-one
Synthesis of 4-(chloromethyl)-7-(4-methoxyphenyl)-2H-benzopyran-2-one
